Cereal Chem. 84(4):320-327 The demand for organically grown rice has increased with consumer demand for organic foods. The objective of this research was to determine whether there are physicochemical differences in organically and conventionally grown rice that contribute to flavor and texture differences, as determined by descriptive sensory analysis. an objective tool. Five diverse cultivars (four nonwaxy and one waxy) were grown at Beaumont, TX, with 100 or 50% recommended nitrogen fertilizer using conventional management or with chicken litter using organic management. Mean protein content differed significantly (P < 0.05) with fertilizer input, whereas mean apparent amylose and mineral contents (with few exceptions) did not differ. The mean protein content of each cultivar grown with the 100% N rate typically used was significantly higher (P < 0.05) than that of the cultivar grown organically or at the 50% N rate. The mean protein contents of the cultivars grown organically and at the 50% N rate did not significantly differ (P > 0.05). Slickness, which correlates negatively with protein content, was significantly higher (P < 0.05) in four of the five Organic rice is produced on 32,000 acres in the United States, an increase of 188% since 1995, reflecting increased consumer demand for organic foods (Greene and Kremen 2001). Organic rice is perceived by consumers to be safer, fresher, healthier, and taste better than conventionally grown rice. Perception of differences in sensory quality between organically and conventionally grown rice, however, could be influenced by preference. This poses the question as to the extent of a scientific basis for the claims that organic rice tastes better. Are there physicochemical differences in organically and conventionally grown rice that contribute to flavor and texture differences?
Organic rice is produced on 32,000 acres in the United States, an increase of 188% since 1995, reflecting increased consumer demand for organic foods (Greene and Kremen 2001) . Organic rice is perceived by consumers to be safer, fresher, healthier, and taste better than conventionally grown rice. Perception of differences in sensory quality between organically and conventionally grown rice, however, could be influenced by preference. This poses the question as to the extent of a scientific basis for the claims that organic rice tastes better. Are there physicochemical differences in organically and conventionally grown rice that contribute to flavor and texture differences?
In one Japanese study (Asano et al 1998) , panelists judged organically grown rice to have low palatability. However, panelists found the same rice had higher palatability than the conventionally grown rice when they were told in advance the methods used to grow the rice. Clearly, preference affected their judgment.
Fertilization and cultural practices affect the amylose, protein, and mineral contents of rice cultivars, which in turn may influence the sensory properties of the cooked rice. Grain protein is derived mainly from translocation of accumulated plant nitrogen at flowering (Perez et al 1973) . The protein content of rice is influenced by time and rate of nitrogen fertilizer application and type of fertilizer used. Usually the protein content of organically grown rice is lower than that of conventionally grown rice due to lower nitrogen concentration in organic fertilizer amendments. Protein content was weakly, negatively correlated to slickness and stickiness and weakly, positively correlated to roughness (Champagne et al 1999) . Cooked texture of rice high in protein tends to be harder and chewier than that of rices low in protein (Primo et at 1962; Tamaki et al 1989) . Low-protein rice samples of the same cultivar USDA/ARS Southern Regional Research Center, New Orleans, LA. Names are nec-'essary to report factually on available data; however, the USDA neither guarantees nor warrants the standard of the product, and the use of the name bythe USDA implies no approval of the product to the exclusion of others that may also be suitable. 2 Corresponding author. Fax: 504-286-4430 . E-mail: etchanip@srrc.ars.usda.gov USDAJARS Rice Research Unit, Beaumont, TX. doi: 10.1 094/CCHEM. 84-4-0320 This article is in the public domain and not copyrightable. It may be freely reprinted with customary crediting of the source. AACC International, Inc., 2007. 320 CEREAL CHEMISTRY organically grown rice cultivars than in the same cultivars grown conventionally using the 100% N rate. There was no significant difference (P > 0.05) between the slickness of the cultivars grown organically and conventionally using the 50% N rate. Roughness and hardness, which have a weak positive correlation with protein content, also differed significantly (P < 0.05) with fertilizer input in some of the cultivars. Observed differences in pasting and cooked textural properties of cultivars grown with different fertilizer types and input were the result of differences in protein content and not organic management, per Se. itt addition, no differences in flavor were observed due to management method. These results demonstrate that rice grown on land that is being transitioned into organic production is not expected to have significant differences in cookins or processing quality. The organic management method resulted in reduced protein content and a change in texture that may positively affect consumer acceptance of organically grown rice in markets that prefer rice that is more slick.
are reported to be more flavorful than those with higher protein (Juliano et al 1965) .
Starch accumulates in the grain during the grain-filling period through a process involving an acquisition of precursor sugars produced from photosynthesis and a suite of enzymes. A decrease in amylose content has been observed concurrent with an increase in protein content with nitrogen application or uptake (Prakash et al 2002) . Potassium and magnesium applications, conversely, have been reported to increase the amylose contents of rice (Vil'gel' 1986; Lin et al 1990) . Amylose, a predictor of cooked rice texture, is generally directly correlated with hardness or firmness (Juliano et al 1965; Perez and Juliano 1979; Sowbhagya et al 1987; Del Mundo et al 1989; Ohtsubo et al 1990; Perez et al 1993; Kawamura eta] 1996) .
Nitrogen, phosphorus, and potassium fertilizer treatments increase concentrations of other minerals such as sulfur, manganese, magnesium, calcium, and copper (Sturgis and Reed 1937; Patrick et al 1974; Tsuzuki et al 1979; Chen et al 1997; Marret al 1999; I-Iaefele et al 2002) . Nakagawa et al (2000) compared the mineral composition of organically and conventionally grown rice over three years at 13 different locations. At each location, organically and conventionally managed trials were grown in adjacent fields. The organically grown rice had higher magnesium/(potassium + nitrogen) ratio and zinc content but lower nitrogen, potassium, and calcium contents. All except calcium content could be explained by lower nitrogen application in organic farming systems. Tamaki et al (1995) determined the mineral contents of rice grown organically over 16 years. Mineral contents of rice one year after the start of organic farming practices were similar to those of rice grown conventionally. The nitrogen, phosphorus, and potassium contents decreased with duration of organic farming, while magnesium content gradually increased. Maximum viscosity and breakdown values of the rice flour also increased. The Mg/K, maximum viscosity, and breakdown values for the organic rice suggested to the researchers that the rice would be stickier when cooked and thus have better eating quality. Sensory analyses were not conducted.
The objective of this research was to determine whether there are physicochemical differences in organically and conventionally grown rice that contribute to flavor and texture differences, as determined by descriptive sensory analysis, an objective tool.
Apparent amylose content was determined on the samples in duplicate by the simplified assay method developed by Juliano (1971) . Protein contents (N x 5.95) were determined in duplicate by the combustion method on a nitrogen determinator (FP-428, Leco, St. Joseph, Ml) using brown and milled rice. Certified rice flour (1.4% N) and corn gluten (11.4% N) from Leco were used to calibrate the instrument. Mineral contents were determined in duplicate using inductively coupled plasma spectroscopy (Perkin Elmer 4300DV) on nitric acid and hydrochloric acid (8 and 2 mL) microwave digestions of 0.5-g samples of brown rice diluted to an appropriate volume.
Rapid Visco-Analyser (RVA) Analyses
Paste viscosity properties of rice samples were determined using a Rapid Visco-Analyser (RVA) (Newport Scientific model 3D) and Approved Method 61-02 (AACC International 2000). Measured properties were pasting temperature (of initial viscosity increase); peak (maximum viscosity recorded during heating and holding cycles which usually occurs soon after heating cycle reaches 95°C); hot paste viscosity (minimum viscosity after peak): cool paste viscosity (viscosity at test finish); breakdown (difference -] between peak and trough, indicating breakdown in viscosity of paste during 95°C holding period): and setback (difference H] between final viscosity and peak).
Analyses of Rice Volatile Compounds by Solid Phase
Microextraction (SPME) and Gas Chromatography/Mass Spectrometry White rice samples (5 g) were placed in a I 2-mL vial and sealed with a crimp top fitted with a Teflon-lined septum and held at ambient temperature until analyzed in triplicate. For analysis, each sample was heated to 65°C for 15 mm. Then volatile compounds were adsorbed onto a 1-cm carboxen/PDMS/DVB fiber for 15 min while the sample was still held at 65°C. The SPME fiber was desorbed at 270°C into the GC injection port in splitless mode. The column and separation temperatures are described in Champagne et al (2005) . The mass spectrometer was operated in scan mode at mlz 40-400 using electron ionization.
Initially, total ion profiles were compared for samples to determine compounds that differed in intensity. Of primary interest were oxidation products (e.g., 1-pentanol, hexanal, nonanal) and microbial metabolites (e.g., 3-methyl-butaflol 2,3-butandiol, isovaleric acid). Integration was performed on a target ion for each compound and two qualifying ions were selected for each compound. The relative intensities of compounds differing widely in amounts among samples were correlated with the independent variables and physicochemical data.
The concentration of 2acetyl-1-pyiTOlifle, the compound associated with the popcorn flavor of aromatic rice cultivars, was determined according to the methods of Bergman et al (2000) .
Sample Preparation for Sensory Analyses
Portions of white rice (600 g) were rinsed by covering the rice three times with cold water followed by straining to remove excess water. After rinsing, samples were transferred to preweighed rice cooker insert bowls and water was added to give a rice-towater weight ratio of 1:1.0-1:1.7 based on amylose content and gelatinization temperature type. The rice was soaked for 30 mm and then cooked in a five-cup rice cooker-steamer (Panasonic SR-WIOG HP) to completion, followed by a 10-min holding period. Samples were taken from the cookers as described by Champagne et al (1999) . Cooking was staggered so that samples were analyzed at 20-min intervals.
Sensory Evaluation Protocol
Sensory analyses were conducted on cultivars grown in 2001 and 2002. Insufficient sample was saved from the 2000 crop year for analysis. Ten panelists trained in the principles and concepts of descriptive sensory analysis (Meilgaard et al 1991) participated in the study. The rice flavor lexicon, based on the work of Goodwin et al (1996) , included 12 unique flavor attributes that were determined by smelling and evaluation in the mouth (Fig 1) . The intensities were scored based on a universal scale for all foods
MATERIALS AND METHODS

Rice Samples
Five diverse cultivars were grown at one location (Beaumont, TX) with 100 or 50% recommended nitrogen fertilizer using conventional management or with chicken litter using organic managenient in [2000] [2001] [2002] . The cultivars were Cypress (P1 561734), a conventional long-grain cultivar with an intermediate gelatinization temperature; Bengal (Pt 561735), a medium-grain cultivar with a low gelatinization temperature; Jasmine 85 (P1 595927), an aromatic, long-grain cultivar with a low gelatinization temperature; Jacinto (P1 605713), a long-grain specialty cultivar with a high gelatinization temperature; and Neches, a long-grain waxy cultivar that has essentially no arnylose and a low gelatinization temperature. These cultivarS were planted in 6-rn 2 field plots using a randomized complete block design. For each year of the study, the organic and conventional management treatments were applied to adjacent fields that had been fallow for two years before the experiment. There were four replicates (four field plots) of each of the three cultural management methods (organic, 100%, or 50% recommended nitrogen fertilizer). For the organic treatment, two weeks before planting, chicken litter was applied to the field as a slow release fertilizer (76 kg/ha N, 25 kg/ha P, and 25 kg/ha K) (Ag Org, Houston, TX) along with a microbial product of trace minerals (67 kg /ha) (EcoMin, Australia). A microbial soil activator (33.8 L/ha, Medina. Hondo, TX)was applied one week before planting. Before planting, seed was treated with hurnic acid (TEP 12, 5 mLJkg of seed), a microbial inoculant (SC271 mL/100 g of seed), and manganese sulfate (20 g/kg of seed). Before flood, an additional side dress application of the chicken litter was applied (126 kg/ha N, 42 kg/ha P, and 42 kg/ha K). At panicle differentiation, a fish emulsion was applied as a foliar spray (16.5 L/ha) for insect control. Conventional management involved 56 kg/ha, 90 kg/ha, and 78 kg/ha of urea nitrogen applied at planting, flood, and panicle differentiation, respectively, for the 100% nitrogen (100% N) treatment. The 50% nitrogen (50% N) treatment was applied at the same time using half of the rate of urea. The 50% N application (112 kg of N/ha) was expected to produce a nitrogen availability level about that of the slow-release organic fertilizer (202 kg of N/ha). Standard chemical management practices were used to control weeds and insects in the conventional management plots.
Plots were harvested at field grain moisture of 18-21%, as measured using a moisture meter (Dickey-John GAC 2000, Auburn, IL). Rough rice was dried to 12% moisture using a forced-air drier and stored at air-conditioned temperatures. In 2003, samples from combined field plots of the 2000-2002 crops were dehulled, milled, and shipped to the USDAJARS Southern Regional Research Center (SRRC, New Orleans, LA) for the sensory and volatile analyses. The rough rice was dehulled (model SB-2B sheller, Satake, Chiyodaku, Tokyo) and then milled following standard protocol (Champagne et al 1999) using a laboratory one-pass mill (model SKD, Satake) to whiteness values of 40 ± 2, which are considered typical of regular milled rice. Broken kernels were separated from whole grain milled rice using a rice grader (model RG-06A, Satake).
Milled (whole grain) samples were shipped overnight to SRRC and, when received, were immediately preweighed into portions for sensory, instrumental, and chemical analyses and stored in glass jars under nitrogen headspace at 4°C. (Meilgaard et al 1991) ; the maximum rating for rice flavor attributes is generally 5. The lexicon for rice texture used by the panel was based on that developed by Lyon et al (1999) and Goodwin et al (1996) and is described in Fig 2. The sensory texture profile used by the panelists included 14 sensory attributes that described rice texture at different phases of sensory evaluation, beginning with the feel of the rice when it was first placed in the mouth and ending with mouthfeel characteristics after the rice was swallowed. Each sample was presented to the panelists twice, in separate sessions, following a randomized design. The details of the procedure followed for presenting samples, standard (warmup sample of commercial medium-grain), and blind control (commercial medium-grain) to panelists at each session are described by Champagne et a! (1999).
CHEMICAL ANALYSES
Statistical Analyses
Data were analyzed by Proc Mixed using the Analyst option (SAS Institute, Cary, NC) to compare fertilizer treatments within cultivar and year combinations. Least square (LS) means with Tukey's adjustment method was used to compare treatment means Significance was reported at P < 0.05 for all data.
RESULTS AND DISCUSSION
Amylose and Protein Contents
Mean apparent amylose contents of the three nonwaxy cultivars (Bengal, Cypress, and Jasmine 85) were stable across years when grown conventionally using the 100% N treatment (Table I) . When grown using the 50% N or organic treatments, mean apparent amylose contents varied but there was no consistent trend across years. The mean apparent amylose content of Jacinto was more erratic in response to growing season and management treatment than the other cultivars. When averaged over the three crop years, cultivar apparent amylose content did not differ significantly with fertilizer input or management method (Table I) .
Averaged over cultivars, the mean protein contents of rice grown in 2001 using the conventional management methods (50 and 100% N) were significantly higher than those of rice grown with the respective N rates in 2000 and 2002 (Table II) . The 2002 crop of organically grown rice had a significantly lower mean protein content than that of rice produced organically in the previous years. These trends held for the individual cultivars but the differences in protein contents were not significant in all cases.
I
An immediate and distinct pungent aromatic in the flavor characterized as sulfur-like and generic animal. The animal aromatic in the flavor can sometimes be identified as "piggy". Aromatics associated with dried flowers such as lilac or lavender. This aromatic is characterized as spicy floral as in an "old-fashioned sachet". A general term used to describe the aromatics in the flavor associated with grains such as corn, oats, and wheat. An overall grainy impression characterized as sweet, brown, sometimes dusty, and sometimes generic nutty or starchy. A dry, dusty, slightly brown aroma/flavor with a possible trace of musty. A dry, dusty, slightly toasted and slightly sweet aromatic in the flavor that can be specifically identified as popcorn. The sweet aromatics of the combination of corn kernels, corn milk, and corn germ found in canned yellow creamed-style corn. A dried, green, slightly earthy, slightly sweet aroma/flavor including grassy and fresh green bean aroma/flavor. A general term associated with the aromatics of pasteurized cow's milk. Most apparent just before swallowing. A sweet impression such as cotton candy, caramel, or sweet fruity that may appear in the aroma and or aromatics. Aromatics and mouthfeel of the minerals and metals commonly associated with tap water. This excludes any chlorine aromatics that may be perceived. Basic sweet taste associated with sugar. A sour fermented vegetation aroma/flavor, not decaying vegetation. The chemical feeling factor on the tongue described as puckering/dry and associated with tannins or alum. Values followed by the same letter in the same row are not significantly different (P > 0.05). letters followed by the same number in the same column are not significantly different (I'> 0.05). 
Sewer
Phases/Attributes Definition
WON-
When averaged over cultivars, organically produced rice had significantly lower protein content than the 100% N treatment. Although protein contents were not significantly different between the organic and the 50% treatments, the organic plots had slightly higher protein (8.3% averaged over three years) as compared with the 50% N treatment (7.9% protein) ( Table II) . As expected, applying a relatively high concentration of N as a slow-release organic fertilizer (202 kg of N/ha) resulted in nutrient uptake similar to that with the 50% N treatment. These observations were consistent across cultivars and years except for Bengal and Cypress in 2000, where protein contents from the 100% N rate and the organic treatment were not significantly different from each other, but were higher than the 50% N rate (Table II) .
Mineral Content
Growing season did not significantly affect mineral content, with the exception of the zinc content of rice organically grown in 2000 (30 ppm) which was significantly higher than for rice grown in 2001 (23 ppm). With a few exceptions, fertilizer level and type had no significant effect on phosphorus. potassium, magnesium. calcium, manganese, iron, and zinc contents averaged over the three growing seasons (Tables Ill and IV) . Phosphorus and magnesium contents of Cypress were significantly higher in the rice grown organically than in that grown using the 100% N rate. Manganese was significantly lower in the organically grown Bengal, Jacinto. and Neches than in those with the 100% N rate. Manganese content of Neches was also significantly lower in the organic rice than in that grown at the 50% N rate. The iron content of Jacinto was significantly higher in the organically grown rice than in that grown using the 50 and 100% N rates; whereas zinc content was significantly lower than in that grown using the 100% N rate. This indicates that cultivars respond differently to macronutrient availability and micronutrient uptake. 
Pasting Properties
Growing season did not affect pasting properties, with the exception of breakdown, which was significantly higher in 2002 than in 2000 for each fertility management treatment, while results for 2001 were intermediate (Table V) . When averaged over years, cultivar pasting properties did not differ significantly with fertilizer input or management method, with the exception Cypress (Table  VI) . Peak and hot paste values were significantly higher in Cypress grown organically and using the 50% N rate than those for the cultivar grown using the 100% N rate. Although not statistically significant, peak, hot paste, cool paste, and breakdown values for the 50% N rate and organic treatments were generally higher and setback was generally lower than the respective values for rice grown using the 100% N rate. These observations are in agreement with the protein contents of the rice cultivars correlating negatively with peak and breakdown and positively with setback (Table VII) .
Volatile Content
Of primary interest were oxidation products (e.g., 1-pentanol, hexanal, nonanal) and microbial metabolites (e.g., 3-methyl-butanol, 2,3-butandiol, isovaleric acid). The relative intensities of these compounds did not differ significantly with growing season, with few exceptions. Significantly lower mean amounts (integrated peak area counts) of I -octene-3-ol and hexanal were observed in organically produced rice in 2000 (971; 117,926) than in 2001 (1,671; 312,319) and 2002 (2,197; 374,150) . The relative amounts of the volatile compounds, averaged over the three growing seasons, did not differ significantly for each individual cultivar with fertilizer input or management method, with the exception of 2,3-butandiol that was significantly higher (530, 139) and 1-pentanol (88572, 139682) and nonanol (30262, 46968) that were significantly lower in Neches grown organically than in that grown with the 50% N rate. The concentration of 2-acetyl-I -pyrroline, the compound associated with the popcorn flavor of the aromatic cultivar Jasmine 85, did not vary significantly with management method (data not shown).
Sensory Properties
Sensory data was obtained for two growing seasons (2001 and 2002) . The only textural attributes affected by growing season were hardness and chewiness, and only for the waxy cultivar Neches. Neches grown organically and using the 50% N rate in 2001 was harder and chewier than that grown under the same management conditions in 2002 (Table VIII) . The hardness and chewiness of that grown using the 100% N rate were not affected by year. These observations can be explained by the protein contents of Neches grown organically and using the 50% N rate being significantly higher in 2001 than in 2002 and not differing significantly between the years for the rice grown using the 100% N rate. Cooked texture office high in protein tends to be harder and chewier than that of rice with low protein content (Primo et al 1962; Tamaki et al 1989) . Table IX shows the mean texture intensities for the five cultivars averaged over the two growing seasons for those attributes that showed significant differences. Springiness, cohesiveness, uniformity of bite, cohesiveness of mass, chewiness (except Neches), Cypress  19a  20a  21a  Jacinto  22ab  28a  19b  Jasmine 85  19a  18a  18a  Neches  26b  30a  23c  Fe  Bengal  19a  22a  16a  Cypress  l6a  l7a  18a  Jacinto  15b  15b  23a  Jasmine 85  18a  20a  19a  Neches  17a  17a  17a  Zn  Bengal  24a  26a  30a  Cypress  28a  24a  25a  Jacinto  24ab  27a  22b  Jasmine 85  21a  25a  25a  Neches  32a  33a  3la   Breakdown  50%N  100% N  Organic  2000  91a1  84al  94al  2001  101a!  90aJ2  101a12  2002 138a2 115a2 130a2 a Values followed by the same letter in the same row are not significantly different (P> 0.05). Letters followed by the same number in the same column are not significantly different (P> 0.05). 324a  293a  331a  244a  207b  249a  297a  261a  299a  271a  277a  284a  230a  211a  225a   185a  175a  199a  156a  126b  159a  184a  170a  182a  163a  166a  167a  137a  130a  139a   297a  285a  305a  312a  292a  323a  306a  302a  306a  321a  322a  311a  175a  167a  178a   -27a  -8a  -27a  68a  84a  74a  9a  4la  8a  49a  44a  27a  -55a  -44a  -47a   139a  1I8a  133a  88a  82a  90a  113a  91a  117a  109a  llOa  117a  93a  81a  86a   79a  81a  79a  82a  85a  83a  85a  85a  85a  87a  87a  86a  72a  72a  72a Values followed by the same letter in the same row are not significantly different (P> 0.05). moisture absorption, and toothpack of the individual cultivars did not differ significantly with cultural treatments over the two years. Slickness was significantly higher in the organically grown rice cultivars (with the exception of Bengal) as compared with that of the same cultivars grown conventionally using the 100% N rate. There was no significant difference between the slickness of the cultivars grown organically and conventionally using the 50% N rate. The higher slickness of the rice grown organically and using the 50% N rate can be explained by the lower protein contents of these rice samples compared with those grown using the 100% N rate (Champagne et al 1999) .
Roughness of Bengal and Jasmine 85 grown using the 100% N rate was higher than that of these cultivars grown using the 50% N rate and did not differ significantly from that of the organically grown rice. The roughness of Cypress grown using the 100% N rate (and 50% N rate) was higher than that of the cultivar grown organically. The hardness of Cypress grown using the 100% N rate was also higher than that of the cultivar grown organically and using the 50% N rate. These observations for the 100% N rate are in agreement with the literature report of a (weak) positive correlation between protein content and roughness and hardness. This relationship between hardness and protein content only held true for the 2002 data for Neches (Table VIII) . The chewiness of Neches grown in 2001 was significantly lower in the rice grown using the 100% N rate than that grown organically or using the 50% N rate. No significant differences in chewiness with treatment were observed in 2002 for Neches.
The intensities of the flavor attributes of the five cultivars were not affected by growing season or cultural management method (data not shown). Although there were some differences in volatile compounds in Neches, these were not perceived by the sensory panel.
CONCLUSIONS
The design of this study allowed the comparison of nitrogen fertilizer rate and conventional versus organic management on the physicocheniical and sensory properties of four nonwaxy and one waxy cultivars. For each year of the study, both the organic and conventional management fields were fallow for two years before the experiment. Thus, this study illustrates the effects of the first year of organic farming following two years of transition from conventional management. Mean protein content differed significantly with fertilizer input, whereas mean apparent amylose did not differ. The mean protein content of each nonwaxy and waxy cultivar grown with the typically used 100% N rate was significantly higher than that of the cultivar grown organically or at the 50% N rate. However, the mean protein contents of the cultivars grown organically and at the 50% N rate did not differ significantly.
Some variation of mineral content was observed for specific cultivars and depended on the management method used. Compared with the conventional management method using 100% N, Bengal, Jacinto, and Neches had lower manganese content under organic management, whereas Jacinto had higher iron but lower zinc content. This suggests that cultivars may differ in their uptake of some micronutrients under organic management.
The only textural attributes affected by growing season were hardness and chewiness, and only for the waxy cultivar Neches. However, the texture of Neches was stable across years when the 100% N rate was used. Slickness, which correlates negatively with protein content, was significantly higher in four of the five organically grown rice cultivars as compared with the same cultivars grown conventionally using the 100% N rate. However, there was no significant difference between the slickness of the cultivars grown organically and conventionally using the 50% N rate. Protein content, which is a function of the amount of nitrogen that is available due to mineralization and soil amendments, appears to have affected the slickness of the cooked rice.
Roughness and hardness, which are reported to have a weak, positive correlation with protein content, also differed significantly with fertilizer type and input. Significant differences in these attributes, however, were only observed in some of the cultivartreatment combinations.
The pasting properties and cooked texture of Cypress appeared to be particularly sensitive to nitrogen level. Organically grown Cypress, when cooked, was significantly smoother, softer, and more slick than that grown conventionally using the 100% N rate. Peak and hot paste values of the organically grown Cypress were also significantly higher than the values of the conventionally grown cultivar with 100% N rate. Correlations between protein content and peak and hot paste values were the strongest for Cypress among the cultivars (r = -0.99 and -0.78, respectively). The magnesium-to-potassium ratio, which has been correlated positively to stickiness (Okamoto et a! 1992) , was significantly higher in the organically grown Cypress (Mg/K = 0.55) compared with that of the cultivar grown conventionally using the 100% N rate (Mg/K = 0.50). Organically grown Cypress had higher scores for stickiness than those for the conventionally grown cultivar (100% N), although the values were not significantly different.
In summary, differences in pasting and cooked textural properties of diverse cultivars grown conventionally using the recommended nitrogen application rate (100% N) and the same cultivars organically grown were attributed to differences in protein contents. Because using 50% of the recommended nitrogen rate yielded the same protein content and same pasting and cooked textural properties as that grown organically, it is clear that organic management, per Se, did not influence these properties. As a result of management method, no differences in any flavor attribute were detected by the sensory panel or analytically (using SPME GC/MS) nor did the quantity of 2-acetyl-1-pyrroline vary in the aromatic cultivar Jasmine 85. In the analysis of volatile compounds, there was not any evidence of more microbial products in the organic rice that was grown using chicken litter. These results demonstrate that rice grown on land that is being transitioned into organic production is not expected to have si g nificant differences in cooking or processing quality; thus, processors that purchase organic rice can be assured that there will be no negative impact on functionality. However, when compared with rice grown under conventional management methods with 100% of the recommended nitrogen level, the organically grown rice had greater slickness that was associated with reduced protein content, presumably due to reduced nitrogen uptake. In many markets, this change in texture may positively impact consumer acceptance of the organically grown rice.
